Abstract. This experiment demonstrates detection of cosmic ray tracks by using scintillating fiber planes and multi-anode photomultipliers (MA-PMTs). In a laboratory like this, cosmic rays provide a natural source of high-energy charged particles which can be detected with high efficiency and with nanosecond time resolution.
INTRODUCTION
The scintillating fibers and photomultipliers (PMTs) were used earlier in a Fermilab experiment, APEX, for searching for anti-proton decay. The amplifiers and the scintillating fiber plane couplings were improved for this laboratory experiment.
The majority of the cosmic particles are muons which are mainly from the decay products of chargedpions. The mean lifetime of the pions (rc+, IV) at rest is around 26ns, and they decay into muons and neutrinos 99.987% of the time. Depending on the relativistic y factor, this lifetime can be much longer. The positively charged muons, p+, decay into a positron and a neutrino. The muon lifetime at rest is around 2.2~s. Again, this time can be longer depending on the relativistic y factor.
We expect the largest cosmic particle flux to reach the earth's surface from the zenith (directly overhead). Tracks from this direction travel through a thinner layer of atmosphere, and so less are absorbed by atmospheric nitrogen and oxygen. When one does this experiment, one will see the display of the charged cosmic ray particle tracks together with their angular distribution after some time ( Figure 2 shows the experimental arrangement as a block diagram. The cosmic particles are selected at the given solid angle by a pair of plastic scintillators arranged as a telescope. We use the discriminated signals from these scintillators to provide a trigger to the CAMAC read-out system. Outputs of the discriminators are put through a coincidence module to provide a gate to the LeCroy FERA Analog to Digital Converters (ADCs). The fibers inside each detector are arranged in two layers of staggered rows which are composed of 2mm, singly clad BICRON fibers (Fig. 3) . There are 192 fibers in each detector. The fibers are butted onto the face of the MAPMTs in an 8 by 24 grid. Each fiber is alignedwith the matrix of eight strips and 24 wire anodes inside the MA-PMT (Fig. 4) . The signals from the 32 anode outputs for each MA-PMT are amplified before being digitized by the ADCs. This reduces the (8+24=) 32 anode signals in each detector. A program running in the PC detects the gate generated by the scintillators, and reads the ADCs. It then decodes the 64 ADC values to reconstruct the hit pattern of the 384 fibers. When studying the display, one should note that often more than one fiber is lit. Sometime this is due to cosmic ray showers where a particle has interacted with the ceiling of the building and produced many secondaries. The most common cause of the multiplier hits in a single fiber plane is due to cross-talk in the MA-PMT. Each wire and strip receives as much as 20% from the charge of its two neighbors. Cross-talk between adjacent wires will appear as hits on neighboring fibers on the event display. Cross-talk between adjacent strips will appear as hits on every eighth fiber. 
Components of the System

DESCRIPTION
Scintillating Fiber Paddle Construction
MATERIALS AND EQUIPMENT
Butyl PBD and POPOP scintillating fiber planes. The core of the fiber's base material is polystyrene and the clad material is poly-methyl-metacrylate (PMMA), trade name is Lucite. LeCroy 4222 gate generator for pedestals.
LeCroy 622 coincidenceunit and LeCroy 621L discriminator unit for trigger logic.
1OOMHz Pentium PC with DSP602 ISA-CAMAC crate interface.
OPERATING INSTRUCTIONS FOR THE SFCRT Starting Data Taking
